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LXPERIENTAL aiﬁDY o ?EJ SURVIVAL OF BI?E?EBRI& aCILLK IH AR

) AEROSOL < o

Aréelioglﬁr is the »ranglatlen of an artlcle by . -
V. P. Znalko-Titarenko, Kiev Scientif ;csfieoearch T
ingtitute of Epidemiology and ﬂzcreblclogy, pub-

- lisned in tze Russian-language publication ?ea.
Senit. uakt. Vlrus.s 1965, pp T1--75.-7

The prcblem of searcnzng ;or new methaés far comsattznb aerlal
~droplet infections is of interest to speclalists of various profiies:”
equally interestor in it are nygienists, microbiologists, infectious
disease specialists, agidemieloalsts, and others. Due to tnls}tne ;
study of bacterial aerosols’ is of beneral lnterest, since microcrgan,sns
Qprage& zn the azr are a ﬂoéei of the main 1ink in ths aerizl mechanism
Zné on this model each scientzfie

.

s u&y af 2erosols, almoss -
stats of mzcraflo:"in hi

rocrganmsns. - F1 )
the study of v
ase”s the ’ '

' pro 3
grecass of necroszs and the purely physical 1 pa igles as a
_rosult of sedimentation of the aerosol. The nost- sudcassful attempts
to resolve this difficulty in the study of bacterial aerosols include
the work wihich was done on menedzspsrsad systems by R. . Ferri and
associztes an& others.

nawaver, in a naturel situation bacterial aerosols are usually
301*éisyersed’sgsteﬁs In polydispersed systers the particles nave
:various dimensions, and accordingly the large particles contain more
nicrobicl bodies and tae. small particles - less. This 9ecullar1‘y
in the structure of bacterial aerosols was noted and studied by
L. Sonkin in his time. He deduced the proportional mathematical
dependence between the size of the particle, -the ceoncentration of
sorayed bacterial suspeﬁsian, and tne number of microbes in a Partxcle.

In polydispersed systems the 1ar er partzcles, ané correspond-
ingly the most saturated with micrebes, settle more rapidly than the
small ones with a lesser cantent of microbes,.  As & result of this

the average sizo of aerosol varticle is gradually decreased. A&lso
the total concentration of particles is lehcreﬁ {se-called countable
concentration of the aerosol). Tnous, in order to "refine" the index
of change in the survival of the air microflora from misrepresenta=-
tion due to sedimentation it is nocessary to introduce at least two
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corrcco¢ons. Oﬂe of" tneue sboula oe connectea UltA chc.nﬁcu in tao
‘countable concentration. of acrosol; and-the other = with cntnges in
the average dlmen51ons of: particles.. -1t is ‘'suitable o TePLECO Tae:
latter vuluo oy an equlv“lent value of average numbe" of a,ccooeo *n
& part;clc. : :

‘Jxoerlncnts with uhe snudj ol uUTVLVal were: sct up OJ us in &
chamber of our own design, known under tnc name of the nldu—o device. .

. Concentration of live microbes in the air was. determined with the

‘help of granular filtors made from very Tine powder: of'°0u¢un.a1b"
nate. Countable concentration of aerosol was detorm;ned in a VDx
-device (B. V. Deryagin and G. Ya. Vlasenko). Average number ol
microves in a particle was determined by counting: ander a microscose
qa urephrations with sediment Irom the aerosol. ’reclnluauzon was
conducted in an electrostatic precipitator of our own design waich
.was powered by a hlgh voltaﬂe generator of the R. a. Voytserqovskly
‘system. _ _ S
Thus, survival in a polydispersed aerosol was establishe&d on
‘the basis of a simultaneous study of aerosols by three methods:
taking of samples for becterial seeding, determination of countable
concentration, and calculatlon of averaba number of microbes in a
particle.

ﬂowever, tnis method -can-be . used . if in tnc experlmental model
of an aerosol there are no fractions of parulcles virich are devoid |
of microbial bodies. As our theoreticel investigations showed, .such
fractions can be formed during the spraying of bacterlal suspensions,
Here tney nake up the most flnely dispersed segment of the ae“osysten
and may not. be  taien:into account during microscopic examln“tlon ol
precipitates of particles.. At the ‘same tlme, belng notlced in: the

VDK device,- they may dlstort the acuual resulu 1n.nne determ;naulon
of surv;val. S . _

Lt vias. a;so calculated tueoret¢c2¢1y that nlcrohe-lcs Lract’bﬁu,
wnen ord-nary sprayers are used, cannot form-in’ suspensions, the con=-
centration of which is. ‘greater than 1.92 - Log cells in'l ml.

Another llmltatlon should be the CaSe ‘when in partlcles of tne
largest dimensions more. than 40--50 cells are assembled. 1% is nov .
LGuSLDlO to count tnes».;.

-BaseG on thes **”reﬂ“;u-L\u, WO, Lscd exaer;mpn yal Aodclsr Joan
~erosel ol ul)ntaer*e ‘bacilli, obtained oy t'pray:.ng,_; of - suspens: ons ol
concentrations of 10--14 billiion bodies in 1 ml. = The survival or
dipntheria -bacilli was cnaracterlzcd oy us. in the form of 4 series of
percentage ratios,»taken relative to the Tirst: determination of the

debrae of survxval ;n the aerosol after 1ts formatloﬂ.A~

v
v

For study1n~ tue survival of alphtherla oucilll (bt¢a*n ru-B)
directly in tne air medium the microbeés were washed tarce times in
distilled water and spraysd in tne form of an agueous suspension.
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The ruplﬂ evanora lcn of whter rc,ults ln the feot thst vao cells i
furn out to be suspended dzrcctly in the air. - 4t room temperagure
and moderate humldity (61%} the survival rate ol dzpnuner a. oxc-;l;
for a period of 2 hours is reduceﬁ on the. average to 205 of thac. ‘
initizl voluec. “ha raﬁe of thls prseags csmprlsas 5.? . 13'0 o
(Fige 1) .
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Fig. 1. Graph show fzﬁg neqrosis of &1pntneria baclllus folioulng

spraying on water at 18°, :
aey. (a} Hum;élty, (h} in %- f"if’fw‘

it hnm;éztﬂ 15 change&, sut tns temperature is 1ezt uncnanbe&,‘gugn

within llmlts from 40 to $0% no signifl

ificant deviations.are observed.

from survival at 815 numidity.

On the cther nand, by chnnﬁlnv tne

tenperature out lsuving tne %umlazty constant {Slp) it is psssznls
to achievc a considerable change in survival. Thus, at a tompera-
ture of =6° for two hours 6urv1val was roduced all tald to B0, and
the rate of necrosis comprised 2 quite smll value (0.5 - 10-3).
But at a terperature avproacning the -optirmm for grewth, 1eCay 2%
359, necrosis of microbes was saarply intuns 1f$e& and tne rate of
this process reached 16.9 « 10'5~tc 54 .8 . IG° u{rzg.;z).'

Following tne spraying of dl%htnerlu saczllz on S&ll?a, 1.3.,
then when between the cells and the air medium there is still another
mediwm - the salivary and protein substarices of the szliva - tae
curve of survival rate changes its ;erm,veﬁsluerably (Fige 3a)n.
During tne first 45 minutes the lowering of survival is l?SlﬂﬁlIi-‘
cant ana the rate of necrosis is aimost’ efual to-zero. Then the
proccss of neerosis is intonsified sharply, survival drcpsx and at
&he und of tne 2-hour cxposure period tmeratc’ of necrosis is sporox-

imately the samo as trat obscrved in aerosols which wara oaua;ﬁed
oy varay;n~ an aguseous ausyeqsian. C
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Flg. 24 Jecrosis of" diphtneria microoes at 6, 18, and 359 v
61% relative humidlty. :

1'0

7 I

ige 5. Survival of diphtreria oacilluu in a polydispersed aeroso;
on saliva (18° and 61% nnmldl*y) _
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Fige 4s -

Particles of serosol after 2 hours of existence in tae air.

Thus, durin

3 spra:;ing of & suspension witn salive K= 350+10= S, and
‘"11::1 an «erosol irom au “"eous ‘susponsion X = 5‘?*1{1'5

“'-se vualues
of rate of neerosis in ihe SeCOond hour of cxsosure correspond still

msre accurately’ with the rate of nocrosis in systems made {rom

ucous suspensions in aerasale which are, Toriod irom broth suspen~
s;cns, .

Figure 4 shows an aerasol elter 2 hours’ of exisvence in itnc air.
The mjeru;s of particlies in @ 1-'-. 4 nave ovidont rediures of desicca-
:‘on, expressed in & cs‘z.‘aa.‘.ida- ion ol the cellulsr co ;pcsition of tuc
sarticle, c..s.mzogs..r‘.nce of clearances petwoen cel}s wiaien are covered
NiiT? sailvi., ete., Wiais lorces us to assume taxt accclerction of
necrosis in &n acrosol wita szlive, wnlch is observed an hour wlter
tae Tormztion of tho &erosol, is connected.witi tan trunsition of
desiccation directly on tie cellse. .;..ma*-’entl}r sucn matorlals as
s1liva or broth, which lower the intensity of evaporation of wiuter,:
for a certuin time (depending on dimensions of 2010501 surticles)
srotect the colls Irom evuporation. Wwnen the water from tne broth
or salivu dries out the moisture from tnd bdagierial cells zaemelves
oegins to eveporate and intensive necrosis sets in.
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Tl o Concluolons

l. JA formula 1as—been develooed Tor the 0u10h1&$*0ﬂ of tae

~

. [V}
-survivel rate in polydispersed seros ols, e\cludwnb the infiuence of
Sedimentation of particles on the end result; the limits of its -

apollcat;on nave~beén,deuerm1ncd.

, 2. ou consideradble sens1u1v1ty of tne dlphuncr;u bacillus to
chanzes’ of temperature was revezled. AL a temperature delow zcro the

-causative agent dies off very slowly, but at a temperature of 35°

its survival rate is reduced snarply; at a temperature of 18° tue

- survival rate of the dlphtherla oaclllus occuples an lnuermed*uue
fposition.

~+-3« By inhibit 1ng evaporatlon, sallva and oro»h protect the

'mlcroorganlsms from desiccation for a certain time. " This explains -
the high survival rate of the diphtheria causatlve agent in the first
- 48 minutes of existence of an aerosol.-/
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